In PMIPv6, all packets sent by mobile nodes or correspondent nodes are transferred through the local mobility anchor. This unnecessary detour results in high delivery latency and significant processing cost. Several PMIPv6 route optimization schemes have been proposed to solve this issue. However, they also suffer from the high signaling costs when determining the optimized path. The proposed scheme which adopts the prediction algorithm in PFMIPv6 can reduce the signaling costs of the previous schemes. Analytical performance evaluation is performed to show the effectiveness of the proposed scheme. 
Introduction
The Network-based Localized Mobility Management (NetLMM) working group in the Internet Engineering Task Force (IETF) has standardized Proxy Mobile IPv6 (PMIPv6) [1] . PMIPv6 can provide reachability to the mobile node (MN) without an extra mobility stack, and it does not require the involvement of the MN in the mobilityrelated signaling. However, all the packets between the MN and the CN have to be routed through the MN's and the CN's MAGs and the LMAs. To solve this problem, various PMIPv6 route optimization (RO) schemes have been proposed in [2] , [3] .
Abeille et al. [2] proposed a mobility anchor controlled RO handover scheme for PMIPv6 building a MAG-MAG tunnel which is connected between the MN's MAG and CN's MAG. However, when the handover occurs, a number of signaling messages are exchanged to update an optimized path. This results in high signaling overhead, and causes long disruption time. Jeon et al. [3] proposed a PMIPv6 RO handover scheme (EPRO). According to the scheme, the MN's LMA transmits a context message to candidate MAGs when an MN is detached. The MAGs receiving the context message establish the bi-directional tunnel with the cnMAG before MN's attachment. Thus, in EPRO, PMIPv6 RO procedure can be avoided, since the context message includes RO information. However, this mechanism also results in the high signaling cost when the number of MAGs is high. In addition, this scheme heavily relies on the processing of the LMA.
To overcome these drawbacks, we propose the enhanced PMIPv6 route optimization handover using Fast Handovers for Proxy Mobile IPv6 (PFMIPv6) scheme (EPROPF). PFMIPv6 standardized by the IETF is a protocol to reduce the packet loss during PMIPv6 handover [4] . EPROPF bases on the pre-delivered context transfer mechanism used in EPRO. Since PFMIPv6 uses the algorithm which can predict the nMAG where the MN moves, we apply it to EPROPF. By using the prediction algorithm, pMAG can sends the context message to the right nMAG. As a result, the number of MAGs does not affect EPROPF. Thus, EPROPF reduce the LMA processing overhead and the signaling cost. We analyze performance of EPROPF analytically compared with EPRO [3] .
The rest of this letter is organized as follows: in Sect. 2, we describe the limitations of previous schemes. We introduce EPROPF in Sect. 3. Section 4 presents the analytical model and numerical results. Finally, the concluding remarks are given in the last section.
Related Works
EPRO [3] is illustrate in Fig. 1 . In EPRO, it is assumed that an MN is initially attached to the pMAG and is transmits packet through the bi-directional tunnel which is established between pMAG and cnMAG. When the MN is detached from the pMAG, the mnLMA transmits context messages containing an MN ID, home network prefix, and Copyright c 2010 The Institute of Electronics, Information and Communication Engineers the IP address of the cnMAG to all candidate nMAGs after deregistration. All of the nMAG received a context message perform RO procedure by sending the EPRO update request message to the cnMAG before an MN is attached. The cn-MAG builds a bi-directional tunnel between the cnMAG and each of the nMAG, and announces that tunnels have been established by sending the EPRO update response message to each of the nMAGs. Once the MN attaches to one of the nMAGs, the nMAG notifies MN's arrival to the cnMAG by sending the EPRO update complete message, and remaining pre-established tunnels are automatically eliminated. The signaling cost of EPRO increases as the number of candidate nMAGs increases. In addition, as the number of candidate MAGs increases, more resources of the LMA are required.
The Proposed Scheme
Since EPRO should establish the bi-directional tunnel with the candidate MAGs, additional signaling messages are required. Thus, in this letter, EPROPF is proposed to minimize those signaling message. Figure 2 shows the procedure of the predictive mode for EPROPF. In the predictive mode, the procedure is performed before the handover occurs. When the MN's handover is imminent, the pMAG sends the HI message to the nMAG to which the MN is most likely to move. Since EPROPF using the prediction algorithm in PFMIPv6, the pMAG can select the right nMAG. Moreover, the context message is included in the HI message to reduce the signaling message. The context message consists of an MN ID, home network prefix, and the IP address of the cnMAG. The nMAG activates the RO procedure by transferring the RO request message to the cnMAG whose address is acquired from the context message. Thus, the bi-directional tunnel is established between nMAG and cnMAG. Since the only one of the pre-established tunnel exists in EPROPF, the message which informs the MN's attachment is not required. After the MN's attachment to the nMAG, the MN communicates with the CN through the nMAG-to-cnMAG tunnel.
The procedure of the reactive mode of EPROPF starts after the MN attaches to the nAN. In the reactive mode, the nMAG transmits the HI message to the pMAG, then pMAG replies the HAck message back to the nMAG with the context message. The rest of procedures are same as the predictive mode of EPROPF.
Performance Analysis
In this section, we investigate performance of EPROPF with the signaling cost. To evaluate the performance of EPROPF accurately, we adopt the fluid-flow model. The fluid-flow model is more suitable for MNs with high mobility, infrequent speed, and direction changes [5] . Under the fluidflow model, MNs that are uniformly populated with density ρ move with the average velocity of ν, and the direction of an MN's movement is uniformly distributed in the range of (0, 2π). We also use the square-shaped network model, and each square-shaped cell's perimeter is l. We assume that the PFMIPv6 domain consists of a set of cells where the number of cells is n. Furthermore, we assume that MNs do not cross the PFMIPv6 domain. The crossing rate over a cell boundary r c is obtained as follows [5] .
Signaling Cost
In this letter, we consider the signaling cost as the required cost to complete RO when the MN's handover occurs. Specifically, we define the signaling cost as the sum of the transmission cost of signaling message and processing cost of each signaling message during the handover. The signaling cost of EPRO and EPROPF are shown in Eq. (2) and Eq. (3), respectively. . Each detailed term of Eq. (2) and Eq. (3) are described in Table 1 .
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We denote the hop distance from x to y as d x,y and processing cost at entity z as P z . Also, we consider the unit of transmission cost for a wired and wireless link latency differently. In this letter, we define the τ as wired link latency and the κ as wireless link latency; wire and wireless link latency consist of propagation delay and link layer delay [6] . To calculate the number of CNs, we consider that the number of activated MNs in a square-shaped cell is equal to the number of CNs. Therefore, we can assume that N CN = ρ(l/4) 2 α where α is the ratio of active MNs to total number of MNs [5] . N CT is the number of context message which is sent from the mnLMA to the candidate nMAGs in EPRO. The processing cost at the LMA, P LMA , consists of two parts: the binding table searching cost and the routing table lookup cost. Since the most implementations use the Patricia trie [7] , the lookup complexity of an LMA is proportional to the logarithm of the number of MAGs served by an LMA, δ. We assume that there are ω MNs attached to an MAG which can be evaluated as ρ(l/4) 2 . The total number of MNs managed by an MAG is ωδ. As a result, we can derive the processing cost at the LMA as follows.
where λ is the average packet arrival rate for each MN, β is the weighting factors of the binding list, and γ is the weighting factors of the routing table lookups. ζ is a constant that captures the bandwidth allocation cost at the LMA [8] . As ζ increases, it negatively effects to an MN due to the insufficiency network bandwidth. Also, the processing cost at the MAG can be calculated as
where η is a constant value of processing cost for delivery at the MAG [8] .
Results of Performance Analysis
In this section, we analyze results from performance analysis. We adopt parameter values from [3] and [9] , which are shown in Table 2 . We assume that the number of cells (n) is 100 and the number of MAGs (δ) is 4. In EPRO, we consider the number of context messages (N CT ) sent from mnLMA to nMAG as 3 [3] . Figure 3 illustrates the effect of the number of MAGs managed by an LMA. When the number of MAGs managed by an LMA increases, the signaling cost of EPRO increases exponentially. The result also shows that the signaling cost of EPRO increases more largely than that of EPROPF when the number of MAGs managed by an LMA increases. This is because EPRO heavily relies on the processing of an LMA which significantly affects to the signaling cost. In EPROPF, the pMAG transmits the signaling messages related to the RO procedure to the nMAG by utilizing the prediction algorithm in PFMIPv6. As a result, EPROPF can be achieved with lower signaling cost than EPRO without relying on the LMA processing. Figure 4 shows the signaling cost depending on the number of context messages which is used to update the optimized path. When the number of context messages increases, the signaling cost of EPRO proportionally increases while the signaling cost of EPROPF does not increase. This is because EPRO should transfer the context messages to all of candidate nMAGs while EPROPF sends only one context message to the right nMAG which the MN moves to. Even when the mnLMA sends one context message, the signaling cost of EPROPF is lower than that of EPRO. This is because that the context message is included in the HI message or the HAck message.
Conclusion
Several PMIPv6 RO schemes such as EPRO have been proposed to optimize RO procedure. In EPRO, however, additional signaling messages increase as the number of candidate nMAGs increase. In this letter, we propose EPROPF by adopting the prediction algorithm in PFMIPv6. Since EPROPF can predict the right nMAG to which an MN is most likely to move, context information is transmitted to the right nMAG before the attachment of the MN. We evaluate the performance of EPROPF and EPRO in terms of the signaling cost. The results show that the signaling cost of EPROPF is lower than that of EPRO since EPROPF utilizes the prediction algorithm in PFMIPv6.
